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SUMMARY 
The effect of injection and suction through a porous-wall channel 
having a rectangular cross-section is investigated in detail by the so-
lution of the Navier-Stokes equationso The pressure distribution is ob-
tained for two-dimensional, fully developed, steady-state, laminar flow 
of an incompressible fluid with uniform suction or injection of the same 
fluid at the walls. 
The solution to the Navier-Stokes equation leads to a third-
order nonlinear differential equation in (x.) with the appropriate bound-
ary conditions. For small suction or injection Reynolds numbers, this 
latter equation is solved by a perturbation method. First-order expres-
sions in (\) for the dependence of the pressure distribution and velocity 
on position coordinates, channel dimensions, and fluid properties are ob-
tained. 
The pressure drop in the direction of the main stream is found to 
be appreciably less for suction and appreciably greater for injection in 
the porous-wall channel than that for a solid-wall channel having the 
same dimensions and the same entrance Reynolds number. 
It is noted that a small value of suction (R = 1.0, a = 1»0, and 
1M ~ 500) may decrease the pressure drop by 86.4%. A small value of 
injection (R - -1.0, a - 1-0, and NR = 500) may increase the pressure 
drop by•148.1*. 
- , , . . _ . 
A porous-wall channel is defined as one in which the suction and/or in-
jection velocity is much less than the velocity of the main stream. 
viii 
NOMENCLATURE 
f(\) function defined by Equation (22) 
2h channel width 
k integration constant 
N R - 4u(0)h/v , main stream Reynolds number 
P (n, ,X ) pressure at a point in the channel 
R = Vh/v , injection or suction Reynolds number 
u(r|) average velocity in x-direction 
u(0) average velocity of main stream at x = 0 
U(T],K) velocity of main stream in the x-direction 
V velocity at top plate in y-direction 
aV velocity at bottom plate in y-direction 
V(T],X.) velocity of main stream in the y-direction 
x distance measured parallel to wall 
y distance measured from the centerline of the channel to the 
walls 
a a constant 
X dimensionless variable defined by Equation (4) 
T] dimensionless variable defined by Equation (4) 
p density 
\L dynamic viscosity 
v kinematic viscosity 
i shear stress in a porous wall channel 
IX 
NOMENCLATURE (Continued) 
T shear stress in a solid wall channel 




Scope of Work 
The laminar incompressible flow of a fluid in a two-dimensional 
channel with two porous walls is a problem involving diffusion phenom-
ena. In order to solve for the pressure distribution, one must know 
the magnitude and direction of the velocity at any point in the channel, 
1* 
Schlichting has devoted considerable theoretical effort to the 
boundary-layer flow over a porous flat plate. However, Schlichting used 
the boundary-layer equations which are approximations to the Navier-
Stokes equations and are not applicalbe to fully developed channel flow. 
2 3 
Olson and Van Der Hegge Zicinen investigated the problem by relating 
the over-all pressure drop to the flow rate in a channel with porous 
walls; however, the problem was simplified by restricting the discussion 
to a one-dimensional flow and neglecting kinetic energy effects. Re-
4 
search has been done by A. S. Berman which relates the overall pressure 
drop to the flow rate with equally porous walls. However, the scope of 
this work was limited to equal suction velocities at the walls of the 
channel; injection was not considered. 
The flow through porous channels is of interest in certain fluid 
flow problems. For instance, when a fluid flows down a channel, prob-
lems which arise from a large pressure drop may be overcome by suction 
of fluid through part of the wall» Certain types of combustion-chambers 
Superscripts refer to references contained in the Bibliography. 
may be cooled by injection of fluid at the walls* Special dehydration 
processes may be examined by considering injection of fluid into a main 
stream flowing between an infinite porous flat plate and an infinite 
solid flat plate. 
For these reasons, it seemed desirable to investigate the 
possibility of obtaining a general solution to the Navier-Stokes equa-
tions for channel flow when the fluid is injected or withdrawn at dif-




Reduction of the Flow Equations 
Consider the flow of a fluid between two infinite parallel plates; 
the distance between the plates is taken to be 2h. 
A coordinate system is chosen with the origin at the center of 
the channel- The y-axis is perpendicular to the walls and the x-axis 
is in a plane parallel to the walls as shown in Figure 1. All proper-
ties in the z-direction (perpendicular to the x-y plane) are constant* 
Assume the top and bottom plates have different but uniform per-
meabilities.. Let the suction velocity at the top plate be aV, -1 < a 
< 1,* and the suction velocity at the bottom plate by V. 
The following flow conditions are imposed: 
(1) A steady two-dimensional flow prevails. 
(2) Incompressible flow* 
(3) Ho external forces act on the fluid* 
(4) The flow is laminar. 
(5) The velocity of the fluid leaving the walls of the channel 
is independent of x, 
(6) For injection, the fluid being injected is the same as that 
in the main stream. 
(7) The velocity profile of the main stream is fully developed 
at x = 0 where suction or injection is initiated. 
See Chapter V. 
(8) The velocity profiles are similar., 
Under the assumed conditions and choice of axes (see Figure l), 
the Navier-Stokes equations as developed by Schlichting reduce to 
h a , h ax " " Ph a, h 2 ^ 2 ^ 
M M + v ^ v = _i_£P y_ , £v 3^vs ( ) 
h a, h ax Ph ax h 2 ^ ̂ 2 Q X 2
; KZJ 
and the continuity equation is 
S +f = ° <3> 
where the dimensionless variables 
X - * , „ = * (4) 
have been introduced, and 
u = U(TI,X) 
v = v(t|,\) 
Since the suction velocities are different at the top and bottom 
plates (see Figure l), the boundary conditions are as follows: 
U(TI,1) - 0 (5) 
u(n,-D a 0 (6) 




f ' f f • ' V ' ' ' ' 
- L • 
W 
x=0 
X = y/h y - h, X = 1 
y - -h, X - -1 
Figure 1. A Porous Wall Channel. 
v(ti,-l) = -V . (8) 
Selection of a Stream Function 
For two-dimensional incompressible flow, a stream function \J> 
exists such that 
^ " S ^ + a:* (9) 
where 
6i|> 
u = - (10) 
6ib 
v = - - . (11) 
The stream function becomes 
dib = -vdf) + udX (12) 
Under the assumption of similar velocity profiles, one may say that 
U(T],\) V(TI,\) 
— — = fx(x), — v ~ = f2(x) 
u(fl) 
or 
u » u(r))*f1(x) (13) 
v = Vf2(x) (14) 
Substituting equations (13) and (14) into the continuity equation (3), 
one obtains 
The technique for selection of a stream function was suggested by Dr° 
Neil R. Johnson. 
7 
u'CuJf^X) + Vf^(x) » 0 . (15) 
Equation (15) may be solved directly by the Separation of Vari-
ables technique* One obtains the following? 
f£(\) u'(f|) 




 s - % - (16) 
u'(f|) = -VC (17) 
where C is the separation constant which must be real and / 0. Inte-
grating equation (17), one obtains 
u(ri) = -VCf) + u(0) (18) 
where u(0) is the integration constant* 
Substituting equations (16) and (18) into equation (13), one ob-
tains 
f' (X) 
u(t|,\) = [-CVt, + u(0)] • -| (19) 
S u b s t i t u t i n g equa t ions (19) and (14) i n to equat ion (12 ) , one ob-
t a i n s 
f : ( \ ) 




dvj, - u(0) -f dX - [Vf (\)dt) + VT1f/i(x)dX] 
or 
dtb - ^ f^(x)dx - d[vnf2(x)] (20) 
Integrating equation (20), one obtains 
*(ri,X) ' [ H ? 1 - Vr,]f(\) (21) 
* 
A perturbation solution was carried out using the stream function 
equation (21) with C = 1. One obtains for the average velocity 
u(ti) = ^ (a + D[u(0) - Vt,] 
Since the average velocity is defined to be u(0) at r\ = 0 , 
1 / \ one obtains for the separation constant C = -r (a + 1) « From equation 
(21) the stream function becomes 
*(fl,\) = [ ^ ^ - Vn]f(x) (22) 
a T 1 
With this suitable choice of the stream function and the given 
boundary conditions, the velocity components may be obtained from equa-
tions (10) and (ll) as 
u(n,x) = [~^i - vt,]f(\) (23) 
# 
v(n,x) = vf(\) = v(x) (24) 
.̂ See Chapter III. 
See Chapter IV, p. 24, 
9 
In these equations f(\) is some function, yet to be determined, of the 
parameter X . With the suitable choice of the stream function, the y-
component of velocity becomes a function of X only. Experimental re-
ft 
suits indicate that the transverse component of velocity is not a func-
tion of the distance parameter x (or T] ) under the assumed flow 
conditions. 
Cubic Velocity Assumption 
At this point a simplified solution may be obtained by assuming 
that f(x) is a cubic function of the form 
f(x) = A + BX + a 2 + Dk3 . (25) 
The boundary conditions on the function f(x) and its derivatives are 
readily obtained from equations (5) through (8) and equations (23) and 
(24). Thus, one obtains 
f'(l) = 0 (26) 
f'(-l) = 0 (27) 
f(l) = a (28) 
f(-l) = -1 . (29) 
The constants A, B, C, and D in equation (25) may be evaluated from the 
boundary conditions, equations (26) through (28). Thus, equation (25) 
becomes 
ft 
See references 5 through 11. 
10 
f(X) = "J (a - 1) + | (a + 1) X - ̂ (a + D X3 . (30) 
Equation (30) is the exact solution for R = 0 and good for small 
R t Also, it may be noted here that if a
 = 1.0 , equation (30) is the 
first-term of Berman's solution for equal suction velocity at both walls. 
A Complete Solution 
In order to obtain a more complete solution, equations (23) and 
(24) are substituted into the equations of motion (l) and (2), the result 
is 
JhiHf = f f i 2 ! - v - iHV" 1 + I ( f ' 2 - f f " » ] <31> 
and 
2 
1 QP _ _v_ d v _v dv 
hp 6X = h 2 2 " h dX 
(32) 
The right-hand side of equation (32) is seen to be a function of 
X only; hence, differentiation with respect to 1j yields 
fei: - ° • (33) 
so that upon differentiation (31) with respect to X , one obtains 
tS 2! " Vl] • dh*2 f'" +h tf'2- " " ] ' = ° (34) 
If equation (34) is to be satisfied for all x _> 0 , then 
11 
dX (J*2 f'" + h ^ ' ff6^} " ° * (35) 
Integrating equation (35), one obtains 
f • • + R[f 2 - ff° '] = k (36) 
where the suction or injection Reynolds number is 
R = ^ (37) 
v 
and k is the constant of integration. It may be noted that V is 
negative for injection. Hence, the injection Reynolds number is nega-
tive. 
Equation (36) is a third-order, nonlinear, nonhomogeneous dif-
ferential equation. With the associated boundary conditions, equations 
(26) through (29), the solution of equation (36) constitutes an exact 
solution to the equations of motion and continuity as formulated. Four 
boundary conditions are needed since the integration constant k is 
still to be determined. 
A Simple Third Order Equation 
If one considers the limiting form of equation (36) as R tends 
to zero (the order of the equation is unchanged), a simple third-order 
equation, 
f"(\) = k (38) 
results. The exact solution to this equation, subject to the boundary 
conditions, is equation (30). If a = 1 * the solution is the well-
12 
known Poiseuille function describing flow in a rectangular channel. In 
view of this, equation (36) may be studied by a perturbation treatment 
in which the wall Reynolds number R is used as the perturbation param-
eter . Such a solution will be valid for sufficiently small values of 




Expanding the function f(\) and the constant of integration, 
k , of equation (36), 
f ( \ ) = g 0 (x ) + g x ( \ ) R + g 2 (x )R
2 + . . . + (39) 
g.OOR1 + . . . . + g (\)Rn r i r n 
k = C + C.R + C R + . . . C.R1 + (40) 
o 1 2 I 
. . . . + C R n 
Here the g.(\)'s and C.'s are taken to be independent of R . Sub-
stitution of equations (39) and (40) into (36) and collecting powers of 
R yields the following equations: 
Zeroth-Order: g^'' = CQ (41) 
First-Order: g'" = Cx + gQg- - (g°Q)
2 (42) 
Second Order: g£'• = C2 + gQg|' + g^91 - (43) 
2Wl 
The boundary conditions to be satisfied by the gl's are obtained from 
equations (26) through (29), 
(1) g!(l) = 0 
14 
(2) g!(-l) = 0 
l 
(3) 9i(l) = (60.) 
(4) g.(-l) --1(501) 
where Kronecker's 6 has been used. 
Equations (41), (42), (43), and higher orders are ordinary linear 
third-order equations which are solved to give successive approximations 
to f(\) . The solutions of equations (41), (42), and (43) are as 
follows: 
Zeroth Order: 
go(x) =-§(a - 1) +|(a + l)X-^(a + l)X
3 
First-Order: 
9l(x) = [^(a + l)-^(a + l )
2 ] - ^ + 1 ^ + 
[^(a + l)2 - -g(a + 1)]X2 + -^(a + 1 ) V + 
[T^ ( a + 1} " ^ ( a + 1 ) 2 > 4 " TT5o(a + 1 ) 2 K ? 
Second Order : 
g 2 (x ) = S + RX + ~CK
2 + ^C2X
3 + - ^ I X 4 
. K 5 , 1 , . 6 , 1 ... 7 , 1 ... 8 
+ 60T ,X + I5o K X + 2 1 0 U + 3 3 6 ^ 
J. 1 ^ 9 , l f t l l 
+ 5 0 4 ^ + ? 9 0 ^ 
* 
See Appendix A. 
r H| ! I \ ! ^ 
1 villl & ,il iiiiiiitiLut im iiadjLM 
where, 
c 3 , 3 , 1 0 7 r 4 
s = ~8 r + 4 n^ + -^o th 
1 2 35 
R = "5 P + 5 P6 + 99 ^h 
Q = 2T - 4nY - | | 6& 
r 12 D , 4 2 t 180 o i 
U2 " 5 P 11 &Y "* 35 P5 
H = 46 + 12ny - 865 
I = -182 + 36ny + 66& 
J = -126 + 24B& 
K = 466 
L = 18y& 
M = 6B6 + 42y - 84y?> 
N = -84y& 




= If 4u + i ) 
= -I- *2 
70 h 
= t> - * ' 2 
16 
Clearly, further solutions such as the third and higher orders could be 
obtained, but they would be extremely complicated, especially since a 
is not specified. When an a is specified, the coefficients of the X's 
simplify greatly. For example, when a = 1 the first, second, and zero 
solutions are: 
Zeroth-Order: 
g (\) s T, X - •£ \ 
F i r s t - O r d e r : 
9 1 ( X ) = 2 8 0 ( 3 V 3 " ^ " X ? ) 
Second-Order: 
/. x _ 3 / 1 . 11 J_ ̂ 9 , _L . 7 
V M ~ 280^990 X ~ 36 X 70 X + 
i4J^x3-^x) 
2310 ,v 14990 
Combining the zeroth and first-order equations, one obtains the 
following for the first-order perturbation solution for small R , 
f(x) = \(a - l) + f(a + 1)X - ̂ ( a + l) X
3 + (44) 
R { ^ ( a + l ) - ^ + 1 ^ " 5 ^ 0 ( a + l)2x + 
[-̂ (a + l) 2 - ±(a + 1)]X2 + ̂ ( a + l)\3 + 
[ l ^ ( a + 1] ' 32 ( a + 1 ) 2 > 4 ' T l20 ( a + l ) 2 x 7 | 
17 
k =-f(a + 1) + ^ f [ ^ ( a + D2]R • (45) 
Since the coefficient of the R term in equation (44) seemed large, 
the second-order perturbation term was calculated for various values 
o 
of R , a , and \ . It was found that the R term in equation (44) 
was less than 1% of the value of f(\) for -1 < a < 1 and -1 < R < 1. 
Thus, equation (44) and (45) are solutions to equation (26), to a 
good approximation, as long as R is also small . Equation (44) can be 
substituted into equations (23) and (24) to give the approximated velocity 
distributions for laminar flow in porous wall channels with different 
injection and suction velocities. 
18 
CHAPTER IV 
THE EFFECT OF POROUS WALLS ON THE PRESSURE DISTRIBUTION 
Velocity Components 
Equations (44) and (45) are the first-order perturbation solutions 
for f(\) and k . 
When equation (24) and (44) are combined and rearranged, the y-
component of the velocity becomes 
v( \ ) = V | | ( Q - 1) + (a + 1 ) ( 3 - X2)(^) + (46) 
(a + 1) ye [1 " \ (a + D ] - (a + l ) ^ ^ * + l) ' 
70[ ^(a + 1) - 1> - | (a + 1)X2 -
35[1 - \ (a + 1 ) > 3 + ^ ( a + l ) \
6 ] j . 
The first derivative of equation (44) along with equation (23) yields 
the following expression for the x-component of velocity 
U(TJA) = 
u(0) 
L£(a + U 
- V(ri) 
.J 
(f)(a + 1)(1 - \ 2 ) \ 1 (47) 
^ [2(a + 1) - 280[^(a + 1) - l]\ -
7(a + 1)X
2 - 7(a + l) \
4] \ . 
From equation (47) it is seen that the velocity profile is 
flatter than the Poisueille parabola and steeper close to the channel 
; ',.ujjuiiiJiJM:biL>Ji_L. 
19 
walls. The maximum velocity in the direction of the main stream does 
not necessarily occur at the channel center X. = 0 . 
The Pressure Distribution 
The pressure distribution in the channel is readily obtained from 




Ma + D 
- vn 
•2 R[f - ff"] + f' * ' } (48) 
Using equation (36) and rearranging gives 
a^ h U(P +1)" \ 
(49) 
Further from equation (32), 
£P = £ d_v dv 
6\ h ,, 2 " Pv d\ 
dX 
(50) 
Integrating equations (49) and (50) and making use of equation (46), one 
obtains 
p(ti,X) = P(0,0) - pV
2[f2 - f2(0)] + (51) 
HV kH r -— [f (\) - f (o)] + ^ u(0l 
^(a + 1) 
t, - vr,' 
Using the first-order results for f(\) and its derivative one can 
evaluate the pressure distribution. 




P(O,\) - p(nA) = Tr 
u(0) 
.^(a + 1) 
r, - Vrf (52) 
In dimensionless form, equation (52) becomes 
p(0,\) - p(n,\) _ 12(a + 1) r0 27(g + l)Rir 1 
1 -,M2 C
 L 35 JLa+l " 
7> pu(0)^ Re 





_ 4h u(0) (54) 
and the first-order value for k has been used. 
Average Velocity 
The average velocity of the main stream at any point x along the 






Combining equation (47) and (55) and performing the indicated operations, 
one obtains 
U<« + i) J 
(56) 
At this point, it may be noted that by dividing equation (47) by equa-
tion (56) one obtains 
21 
u(t).X) = f'(\) 
u(f|) -5(0 + 1) 
(57) 
which is independent of the quantity r\ . 
The Shear Stress 
The shear stress at the wall of the channel is defined as 
Tw ^6y w ^a\ 6y w 
(58) 




From equation (23), 
f[%»,]f"W 
Oh a + 1 
(60) 
The function f''(\) may be obtained from equation (44), the first or-
der perturbation solution. 
f"(\) = -|(a + 1) [2k - g^l 280[-|(a + l) - l] + (61) 
18(a + 1)\ - 840[-|(a + l) - l] - 42(a + l)\5j 
Combining equations (53), (59), (60), and (61), one obtains for the 
shear stress 
22 
= ^f^-Vn](-|)(a + l ) [ 2 ^ (62) 
840 i 2 8 0 ^ 0 1 + 1) - 1] + 18(a + 1 )\ 
840[^(a + 1) - 1 ] \
2 - 42(a +• l ) \
5 j 
When R = 0.0 , the shear stress in a solid wall channel may be obtained 
from equation (62) as 
. s _ I r2u(0)-, 3( x 
'o h La + 1J 2 U + 1;X 
(63) 
Dividing equation (62) by equation (63) and evaluating the resulting 
ratio at the wall of the channel, \ =1.0 , one obtains 
= (fl + 1) r_i_ . 2R_ . R 
*oX-1 .0 2 L ° + 1 NRe U L 8 4 0 
l ] [ 2 - -^(256(0+1) - 560)] 
(64) 
Equation (64) is the ratio of the shear stress in a porous wall channel 
to that in a solid wall channel evaluated at the wall X = 1.0 . 
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CHAPTER V 
RANGES OF VALIDITY 
The range of a is restricted to -1 < a .< 1 • All possible 
cases may still be handled since the larger suction or injection velo-
city may be assigned to the bottom plate. 
It may be noted that in all the previous equation R , the in-
jection or suction Reynolds number, carries a sign to distinguish be-
tween injection and suction. When R < 0 injection occurs and when 
R > 0 suction occurs. 
By examining equation (56) for suction, 
u(n) -£(„ + i > [ f ^ - v- n] (56) 
the values of (ri) are limited by the fact that at some value of x in 
the channel, all the fluid has been removed through the channel walls. 
Hence, for suction, 
0 < n < 25(0) ,
NRe 
° ^ r 1 ^ (a + DV 2(a + 1)R * 
Assuming the main channel flow to be laminar, equation (53) may 
be used to determine the ranges of R . 
p(0,X) - p(nA) - i l k t i l f o 27(q + l ) R i r 1 _R_ . , 
(53 ) 
1 - , n > 2




Since (i\) < -rj— ' \R , the third factor is always positive. The pres-
sure drop is always positive, so the second factor must be positive. 
Hence, 




27(a + 1) * 
Hence, the previous equations are valid with the following restriction 
(a) For suction, 
0 - Q < R ^ 2 7 ( a + l ) < < N R e 
- 1 . 0 < a < 1.0 
N R 
0.0 < T < h ~ 2(a + 1)R 
(b) For i n j e c t i o n , 
R < 0 
R < < NRe 
- 1 . 0 < a < 1.0 . 
25 
CHAPTER VI 
DISCUSSION AND CONCLUSIONS 
The Pressure Drop 
Equation (53), the pressure drop, is plotted in Figure 2 through 
Figure 7 as a function of (r\) for various values of NR . R and a 
are the parameters. 
It is interesting to note the large effect of R on the pres-
sure drop. At NR « 500 and R = 0 (a solid wall channel), the pres-
sure drop is 4.8 at (r\) = 100 (see Table l). However, when R = 1.0 
(suction) and a * 1*0, the pressure drop is 0.658 which is an 86.4& 
decrease in the pressure drop. When R = -1.0 (injection) and a • 1«0 , 
the pressure drop is 11.9 which is a 148& increase in the pressure drop. 
Hence, a small value of R has a large effect on the pressure drop, It 
may be noted from Figure 2 through Figure 7 that at R = ±1.0 and a = 0.0 
the pressure drop is the same as that at R = ±0.5 and a = 1.0 for a 
given value of NR . 
Table 1 indicates the per cent increase or decrease in the pres-
sure drop as a function of R , N , and a . 
When a - 1 the solution for the pressure drop reduces exactly 
4 
to the equation given by Berman . 
Figure 2 through Figure 7 show the following trends in the pres-
sure drop: 
(a) An increase in NR causes a decrease in the pressure drop. 
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Figure 2 . Pressure Drop Versus Dis tance Along Channel. 
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Figure 4. Pressure Drop Versus Distance Along Channel 
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Figure 6. Pressure Drop Versus Distance Along Channel. 
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Table 1. Pressure Drop at r\ = 100 
Re 
ZiP of a 
solid wall R d 
- •• 








500 4.8 1.0 1.0 0.658 86.4 
0.5 1.416 70.5 
0.0 2.359 50.8 
0.5 1.0 2.359 50.8 
0.5 2.900 39.6 
0.0 3.487 28.4 
-0.5 1.0 7.982 66.2 
0.5 7.117 48.3 
0.0 6.298 31.2 
-1.0 1.0 11.904 148.1 
0.5 9.850 105.0 
0.0 7.982 66 .2 
1000 2.4 1.0 1.0 0.439 81.7 
0.5 0.860 64.1 
0.0 1.327 44.7 
0.5 1.0 1.327 44.7 
0.5 1.578 34.3 
0.0 1.840 23.3 
-0.5 1.0 3.658 52.4 
0.5 3.326 38.6 
0.0 3.006 25.2 
-1.0 1.0 5.102 112.5 
0.5 4.357 81.5 
0.0 3.658 52.4 
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Table 1. (Continued) 
Re 
AP of a 
solid wall R a 








1500 1.6 1.0 1.0 0.317 80.3 
0.5 0.607 62.0 
0.0 0.917 42.6 
0.5 1.0 0.917 42.6 
0.5 1.080 32.5 
0.0 1.244 22.2 
-0.5 1.0 2.365 47.8 
0.5 2.166 35.4 
0.0 1.972 23.2 
-1.0 1.0 3.212 101.0 
0.5 2.778 73.6 
0.0 2.365 47.8 
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(c) At a constant value of NR and R , an increase in a will 
increase the pressure drop for injection and decrease the 
pressure drop for suction. 
Velocity Profiles 
The x and y-component velocity profiles are shown in Figure 8 
through Figure 11 for various values of R . 
Figures 8, 9, and 10 indicate that as a increases, the point at 
which the y-component of velocity becomes zero is moved above the center 
of the channel. Correspondingly, Figure 11 indicates that the point of 
maximum velocity in the x-direction is shifted above or below the center-
line of the channel depending on the sign of R (the injection Reynolds 
number is negative) and the value of a • These effects are due to the 
injection or suction of fluid into or out of the main stream. 
The Shear Stress 
The large effects of R and a on the pressure drop are due to 
the increase (injection) or decrease (suction) of momentum and the change 
in viscous forces close to the wall of the channel. 
Table 2 indicates the change in shear stress at the wall in a 
porous channel as compared to that in a solid wall channel for various 
values of a and R . The data was obtained from equation (64) for 
particular values of N and (r\) . 
vki 
V 
R = 1.0 
vM vs. X 
GJ 
en 


































Figure 9. Velocity Ratio Versus Channel Width, 
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Figure 10. Velocity Ratio Versus Channel Width. 
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R = 1.0, Suction 
R = 








a a 0.C 
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Table 2. Shear Stress 
Nn = 1000 Re 
r\ = 100 





1.0 1.0 0.800 
0 . 0 - 1 . 0 0.983 
0 . 0 1.0 0.945 
- 1 . 0 < a < 1 0 . 0 1.000 




For detailed derivations of all equations and data presented in 
this research, please contact 
Dr« W. 0. Carlson 
Mechanical Engineering Department 
Georgia Institute of Technology 
Atlanta, Georgia 30332 
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